A total of 2,195 small mammals belonging to 8 species were captured in different districts of South Moravia, Czech Republic, and examined for antibodies against leptospires in the period from 2004 to 2008. Positive specimens amounting to 173 (9%) were found annually in five species of rodents such as Apodemus sp., Clethrionomys glareolus, Microtus arvalis, Mus musculus and Rattus norvegicus. The recognised leptospiral serotypes included L. grippotyphosa, L. bulgarica, L. sejroe and L. icterohaemorrhagiae/copenhageni. The highest prevalence of antibodies was against the L. grippotyphosa serotype (92.8%). Reactions with other serotypes of leptospires were exceptional. Reactions with L. bulgarica antigen were only due to coagglutination with L. grippotyphosa leptospires. The titres ranged from 100 to 12,800. However, lower values up to the titre of 800 predominated in 151 cases (83.4%). There were non-significant sex differences in seroprevalence with 8.1% and 7.6% prevalence in males and females, respectively. Marked differences were, however, found in seroprevalence of juveniles and adults with 3.3% and 10.2%, respectively. Adult males and females were seropositive in 10.9% and 9.5%, respectively; juveniles were seropositive only in 3.0% and 3.7%. The highest percentage of specimens (43.6%) was examined during July and August. The summer seroprevalence of 10.9% was higher than in spring and autumn. Our results revealed the persistence of both natural and synanthropic nidi of leptospirosis in the region under study and demonstrated epidemiological implications regarding health protection of animals and humans.
Leptospiroses belong to serious bacterial infectious diseases of animals and humans receiving a great deal of attention as important zoonoses (Teichman et al. 2001; Bharti et al. 2003; Treml et al. 2007) . Extensive epidemics and epizootics were particularly reported from tropical and subtropical regions (Vijayachari et al. 2008) . The disease, however, is not restricted to the tropics and can occur in whichever country around the world (Teichman et al. 2001; Vijayachari et al. 2008) .
The morbidity in the human population, however, is relatively low compared to other infectious diseases (Teichman et al. 2001 ). There are approximately 0.3 to 0.9 cases per 100,000 inhabitants in the Czech Republic. The actual incidence of the disease is probably higher because some cases are misdiagnosed (Zitek and Benes 2005) . The abovementioned facts also concern veterinary medicine (Stanko et al. 1997; Treml et al. 2002; Cvetnic et al. 2003) .
Leptospirosis, a disease of seasonal occurrence, is reported mainly in summer and autumn months when humans as well as animals get frequently into contact with reservoir animals and contaminated environments (Anjanin 1971; Colavita and Paoletti 2007) . Leptospires as causative agents are typical parasites of animals, rodents and insectivores, in particular, because life at the expense of the host is their species specific characteristic. Each serotype of leptospires has its own predilection host considered as the main reservoir ACTA VET. BRNO 2012, 81: 097-102; doi:10.2754/avb201281020097 animal (Anjanin 1971; Sebek and Rosicky 1974; Bharti et al. 2003 ). These reservoir animals are then responsible for the origin and persistence of endemic nidi of leptospiroses. Primary infections of reservoir animals are frequently accompanied by the shedding of bacteria into the external environment essential for their circulation under natural conditions where leptospires survive mainly in aquatic habitats (Colavita and Paoletti 2007) .
However, under favourable conditions other small and larger mammalian species or even humans may become infected. The most reliable and precise information on the occurrence and serotypic aetiology of natural and synanthropic nidi of leptospiroses are obtained through research aimed at studies of natural reservoirs. Great attention was paid to the geographic distribution of natural nidi of leptospiroses, and their biotic and spatial structures in the Czech Republic (Sebek and Rosicky 1974) .
The aim of the present study is long-term monitoring of the occurrence of antibodies against different serotypes of leptospires within a previously recognized endemic region. Our aim was also to examine temporal aspects of natural nidi of leptospiroses under natural and synanthropic conditions and the prevalence of antibodies against leptospires in small mammals in relation to age, sex and season.
Materials and Methods
Small mammalian species were captured in different districts of South Moravia, Czech Republic, using commercially available snap traps for five years from 2004 to 2008. Traps were placed in lines, left for three days and regularly checked in natural habitats as well as around farming buildings during spring (April, May), summer (July, August) and autumn (October, November) months.
A total of 2,195 small mammals belonging to 8 species were captured and examined (i.e., field mice Apodemus sp., pygmy field mouse Apodemus microps, bank vole Clethrionomys glareolus, lesser white-toothed shrew Crocidura suaveolens, common vole Microtus arvalis, house mouse Mus musculus, brown rat Rattus norvegicus, common shrew Sorex araneus).
On autopsy and the abdominal cavity examination, they were classified into age and sex groups using the classification by Pelikan (1970) . Heart eluates or blood filtration paper imprints were used for the serological examination. Serological examination was based on the reaction of agglutination lysis using standard methods (Sebek 1979) . The following 10 serotypes and strains of leptospires were used for the testing:
Sera reacting in the standard dilution of 1:100 were examined with the respective serotype up to the titre. Differences in the prevalence of seropositive cases between males and females, juvenile and adult animals were evaluated using t-test for comparison of paired relative values.
Results
As shown in Table 1 , species such as Apodemus sp. (n = 981), Microtus arvalis (n = 578) and Clethrionomys glareolus (n = 570) were the most frequent in the collection of small mammals; others were captured less often. Positive specimens amounting to 173 (7.9%), were found in five species of rodents such as Apodemus sp., Clethrionomys glareolus, Microtus arvalis, Mus musculus and Rattus norvegicus.
A total of 165 small mammals (7.5%) were positive with only one leptospiral antigen (L. grippotyphosa, L. sejroe, L. icterohaemorrhagiae resp. copenhageni) and there were 8 cases (0.4%) positive against two antigens (both L. grippotyphosa and L. bulgarica).
As follows from Table 2 , the L. grippotyphosa serotype prevailed in the positive cases and amounted to 168 specimens (92.8% of all positive). Reactions with other serotypes of leptospires were only exceptional. There were 3 cases of L. sejroe (1.6%) and 2 cases of L. icterohaemorrhagiae/copenhageni (1.1%). Reactions with L. bulgarica antigen were only due to coagglutination with L. grippotyphosa leptospires. Table 2 demonstrates that the highest percentage of titres ranging from 100 to 800 was found in 151 cases (83.4%). Higher titres ranging from 1600 to 12,800 were found rather exceptionally in 30 specimens (16.6%) of positive reactions against L. grippotyphosa, L. sejroe, and L. icterohaemorrhagiae/copenhageni serotypes.
As shown in Fig. 1 there were non-significant differences in seroprevalence of positive males and females that amounted to 8.1% and 7.6%, respectively. On the other hand, marked differences were found in seroprevalence of juveniles and adults, i.e. 3.3% and 10.2%, respectively. Adult males and females were seropositive in 10.9% and 9.5%, respectively; juveniles only in 3.0% and 3.7%.
Considering seasonal differences, the highest numbers of small mammals were captured in the summer (n = 948 specimens, 43.2%); autumn and spring numbers amounted to 808 (36.8%) and 439 (20.0%) small mammals, respectively. Antibodies-against-leptospires positive specimens were found in all seasons of the study and amounted to 4.8%, 10.8% and 6.1% in spring, summer and autumn, respectively. The highest prevalence of positive specimens was found in the summer. 
Discussion
Leptospirosis is a typical infectious disease of natural nidality persisting for long periods in areas of favourable conditions. The whole of South Moravia with its agricultural components can be considered such an area providing favourable conditions for the occurrence and survival of wild as well as synanthropic small mammals that can be reservoirs of various serotypes of leptospires (Anjanin 1971) .
The collected 2,195 specimens used in our study belonged to 8 species of exoanthropic and synanthropic mammalian species. Structure of the small mammalian community in the territory under study was similar to the previously described condition (Treml et al. 2002) . Specimens of the common vole (Microtus arvalis) and the fieldmouse group (Apodemus sp.) prevailed both in our previous and present studies. The occurrence of the common vole, in particular, is very important. In some authors' opinion common voles are the main reservoir of the L. grippotyphosa serotype and outbreaks of the disease are associated with its overcrowding events (Sebek and Rosicky 1974) .
Antibodies against the above-mentioned serotype of leptospires prevailed also in our study and amounted to 92.8% of positive reactions. This result documents the ongoing persistence of this type of natural nidi of leptospires bound to the population of the common vole (Sebek and Rosicky 1974) . Other species of exoanthropic mammals played rather the role of potential hosts and as our results show, the prevalence of antibodies against leptospires was always lower than in the common vole both in our present and previous studies (Treml et al. 2002) .
According to Sebek and Rosicky (1974) these potential hosts play a more important role during periods of low population numbers of the main reservoir host, i.e. the common vole. Transmission of the infection within and among species occurs via direct contacts or indirectly through contaminated water. Except for the grippotyphosa-type, no other nidi of leptospirosis were found in the open country. This is also in agreement with previous reports from other regions of the Czech Republic (Sebek and Rosicky 1974; Vosta et al. 1977) .
Two species of synanthropic mammals, i.e., the house mouse (Mus musculus) and the Norwegian rat (Rattus norvegicus), were found positive, though on a sporadic basis, for L. sejroe and L. icterohaemorrhagiae/copenhageni serotypes of leptospires. Both these species are considered the main reservoirs of the above-mentioned serotypes (Anjanin 1971) . As follows from a study by Zitek and Benes (2005) and reports of the Czech National Institute of Public Health these serotypes of leptospires are most commonly encountered in human infections. Infections with the L. grippotyphosa serotype prevail in human population as well as in animals (Zitek and Benes 2005) . Positive findings of the L. bulgarica serotype in five specimens of field mice (Apodemus sp.) and three specimens of common voles (Microtus arvalis) were probably the result of the so-called coagglutination due to the presence of antibodies against the L. grippotyphosa serotype amounting to higher titres in these animals. It is also necessary to consider the possibility of coagglutination with other leptospiral serotypes as part of diagnostic evaluation (Sebek 1979) .
Seroprevalence for leptospirosis in males nearly equalled to that in females (8.1 and 7.6%, respectively). In contrast to this, Karaseva et al. (1973) found higher percentage of infected males and thought it to be associated with more frequent skin injuries.
Interestingly, marked differences were found when evaluating seroprevalence in relation to age of small mammals. Juveniles and adults were positive in 3.3% and 10.2%, respectively. Adult males and females were seropositive in 10.9% and 9.5 %, respectively, whereas juveniles only in 3.0% and 3.6%. Similar findings were reported by Stanko et al. (1997) from Slovakia.
The population numbers of rodents, potential reservoirs of leptospiral serotypes, are known to fluctuate seasonally. The most important population trends are associated with increased sexual activities in spring and higher population densities in summer and autumn (Pelikan 1970) . Analysis of numbers of small mammals captured in different seasons revealed the highest percentage of 43.2% in summer months (July and August). Similarly, the prevalence of antibodies was the highest in summer (10.8%), decreased in autumn (6.1%) and the lowest in spring (4.8%).
Our results demonstrate that summer and autumn months posed a greater threat of leptospirosis in humans and animals due to direct contacts with reservoir hosts showing higher seroprevalence or contaminated environmental components in natural nidi.
